Ghana is a typical low-income sub-Saharan African country facing significant sanitation challenges. In Ghana, fresh salads are not part of the normal diet, but have become a common supplement to urban fast food served in streets, canteens and restaurants. In Accra, about 200 000 people consume from such supplements every day. The figure also describes the size of the risk group from contamination, which comprises all income classes including the poor and children. The purpose of this study was to investigate widespread water pollution in urban and peri-urban areas, where 95% of the lettuce consumed in the city is produced. Over 12 months (April 2004-June 2005, lettuce samples from the same production sites in two cities were followed and analyzed along the "farm to fork" pathway for total and faecal coliform (FC) and helminth egg numbers. Questionnaire surveys were conducted among producers, sellers and consumers to quantify lettuce flows to the final risk group. The study identified the farm as the main point of lettuce contamination. Besides the irrigation water, contamination was also attributed to manure application and already contaminated soil. Despite poor sanitary conditions in markets, post-harvest handling and marketing did not further increase the farm-gate contamination levels. To reduce the health risk associated with the consumption of contaminated lettuce; safer farming and irrigation practices are required while the remaining risk could best be addressed where lettuce is prepared for consumption.
INTRODUCTION
In most urban centers in sub-Saharan Africa (SSA), sanitation infrastructure is poor or inappropriate to cope with the urbanization rate. In the typical example of Ghana, only 4 -5% of the population is linked with -infrequently functional -sewage systems and sewerage treatment plants.
Most untreated wastewater ends up in stormwater gutter, streams and other water bodies .
Urban and peri-urban (UPA) vegetable farmers in search of water for their crops have no other choice than to use water from these highly polluted sources. This raises public health concerns due to possible crop contamination with pathogens where vegetables are eaten uncooked (Amoah et al. 2006) , while contamination through heavy metals appears to be less an issue, at least in Ghana (Mensah et al. 2001) .
As a better wastewater treatment is not likely in the near future and authorities start to respect farmers' and traders' livelihoods and contribution to the city, alternative strategies for health risk reduction are looked for. This requires identifying (a) where and how (much) contamination occurs along the production -consumption pathway, and 
METHODOLOGY Background of study areas
The study was conducted in the Ghanaian cities of Accra and Kumasi (Figure 1 ). In Accra, between 47 -162 ha are cultivated with vegetables ("urban agriculture"), with the higher figure occurring in the dry season. In Kumasi, about 40 ha are cultivated throughout the year. The production takes place on some 5 -8 major open spaces per city, usually along urban streams or drains or in inland valleys.
In both cities, there are also 3 -5 larger markets and a significant number of community or neighborhood markets, often specialized in vegetables and fruits. In this study, two major irrigated vegetable production sites were selected per city for sampling. Selection criteria were irrigation water sources and the type of vegetables grown (i.e. lettuce). The sites in Accra used water from drains and streams while those in Kumasi used water from streams or shallow wells close to streams of inland valleys. At least one of the two sites in each city had a group of farmers using piped water as an irrigation water source over a period of at least three years. All the sites had similar land use history in terms of continuous vegetable cultivation and the use of poultry manure as the preferred fertilizer source for at least five years.
Contamination pathway study
Two surveys in Accra and Kumasi were carried out along the contamination pathway from farm to consumer. The and produce distribution. The second set of surveys was carried out in April-June 2005 in 26 main and neighbourhood markets, 56 restaurants and at 227 fast-food stands from a stratified subset of high, middle and low class suburbs (Henseler 2005) . In markets, daily lettuce in-and outflows were quantified and analysed over two weeks through observations and about 600 interviews of sellers and buyers. The identification of the consumption risk group was based on interviews and observations of daily fast-food purchases as well as total lettuce turnover and average amount (fresh weight) in different food items.
Microbiological analysis
While in previous studies (Armar-Klemesu et al. 1998) contamination levels were compared between independent sets of farm-gate and market samples, this study followed the same set of crops from farm-gate to wholesale and retail.
Efforts were made not to influence normally observed handling procedures.
Sampling
Over a period of 12 months, starting from May 2003 to April 2004, a total of 1296 lettuce samples were collected at different entry points from farm to the market. There were three main stages from harvesting on the farm to the main retail outlet where consumers were ready to buy: (1) farm, where samples were collected just before harvesting, (2) wholesale market, where sellers converge before finally selling to (3) retailer, where samples were taken 2 -3 h after vegetables have been displayed and, in part, refreshed.
Twice every month, a minimum of three composite samples (each containing two whole lettuces) from each of the selected farm sites were randomly collected with sterile disposable gloves just before harvesting for sale at the market. These were put into separate sterile polythene bags and labeled as farm samples. The seller was followed to the wholesale market where another sample from the same original stock was colleted before being sold to a retailer. At the final retail point, three composite samples were again sampled after vegetables have been displayed on the shelves for at least 2 -3 h, which is a typical turn-over period at the retail point.
The original set of lettuce was either irrigated with stream, drain, well or piped water. Sampled vegetables were transported on ice to the laboratory where they were analysed immediately or stored at 48C until analysis within 24 h for total/faecal coliform and helminth counts. To eliminate potential biases during analysis, laboratory staff were blind to the source of the samples.
Microbiological examination
Samples were analysed quantitatively for total and faecal coliform and helminth eggs. Coliforms counts were estimated in about 20 g of vegetables, which was weighed into 180 ml of phosphate-buffered saline and rinsed vigorously. 
Data handling and analysis
Survey and laboratory data were analyzed using SPSS for (Table 1 ).
Microbiological quality of lettuce at different entry points along the production consumption pathway Table 2 shows the faecal coliform contamination levels of lettuce at different entry points starting from farm to the final retail outlet. Irrespective of the irrigation water source, mean faecal coliform levels exceeded the recommended standard. There were no significant differences in the average lettuce contamination levels at different entry points (farm, wholesale market and retail outlet). 
Helminth eggs
Helminth eggs, including that of Ascaris lumbricoides, Hymenolepis diminuta, Trichuris trichuris, Fasciola hepatica and Strongyloides larvae, were counted on lettuce samples at the different entry points. The helminth egg population ranged from one to six egg(s) 100 g 21 wet weight. In the majority of cases, significantly ( p , 0.05) higher levels were recorded in lettuce irrigated with polluted water than those from piped water irrigated sources. However, mean helminth egg populations on lettuce from the same original stock and irrigation water source did not show any significant difference from field to market (see Table 3 ).
86%
Lettuce origin: Table 4 shows respondents' answers to practices on farm, market, street food selling stands and at the household level before the lettuce reaches the table. Lettuce producers used water from different urban sources for irrigation. Watering cans were predominantly used for irrigation in all the two cities (95% and 98% in Accra and Kumasi, respectively). The majority of respondents in Accra (60%) and Kumasi (52%) reported that they irrigate on the day of harvesting before the crops are harvested. This, according to the respondents, has a Most lettuce retailers in both cities claim to wash their vegetables before selling. In Kumasi, it is common for wholesalers and also many retailers to use irrigation water on the farm to wash their harvested produce. In Accra most retailers say they use tap water on market for that purpose.
Agronomic and handling practices
The majority (over 90%) of lettuce-buying households claim to wash it at home with tap water. Also all fast-food sellers claim to wash the lettuce at home before they prepare it for their kiosk. Street sellers indicated that they use tap water, salt and/or vinegar: however, the amounts of added salt or vinegar are generally not sufficient to secure sufficient decontamination of the lettuce as repetitions under controlled conditions (Amoah et al. forthcoming) as well as other studies (Mensah et al. 2002) have shown.
Risk group analysis
The surveys in Accra and Kumasi showed that the majority of lettuce (60% in Accra and 83% in Kumasi) is purchased show that the contamination levels can be reduced on the farm even through minor changes in practices, it is unlikely that contamination can be minimized below the threshold of safe consumption as the data from the use of piped water
show. It will therefore be necessary to wash the crops in addition to on-farm techniques designed to reduce health risks. Here the last stage in the production -consumption chain, where food for personal consumption or fast-food for (Olsen 2006) , which is a first step but not sufficient to avoid contaminated food (Mensah et al. 2002) .
CONCLUSION
The study has shown that the majority of microbial contamination of lettuce produced from urban sources in Accra and
Kumasi occurs on the farm. The post-harvest sector is likely a relatively minor contributor to lettuce contamination. This suggests that risk reduction strategies should focus on the farm.
Common guidelines for "wastewater irrigation" are, however, rarely adopted for a variety of reasons, e.g. economic constraints limit the level of wastewater treatment that can be provided in developing countries; also, small size and insecure land tenure are significantly constraining the farmer's ability to invest in farm infrastructure such as drip irrigation or on-farm sedimentation ponds, etc. .
Future studies are necessary to identify alternative risk reduction strategies addressing modifications of the (manual) irrigation systems to reduce crop contact with the polluted irrigation water, the use of properly composted manure and effective die-off periods for already contaminated soil. In addition, further measures are crucial to always reduce the remaining risk for the consumer such as addressing street food vendors' misperception of "safe" washing.
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